
AFHRL-TR-76-84

AIR F RCE ~FULL MISSION SIMULATION IN UNDER $

H AN EXP'LORATORY STUDY

U Robert R. Woodruff
James F. Smith

John R. Fuller, Capt, USAFM Dougi. C. Waver, Cain. UAA
FLYING TRAINING DIVISIONN William Air Force Bee, Arizona 85224

Ne

R December 1976E ~ ~FgReport for Perio April1975 -Januar lS

0U Approved for public release; distribution unfind

R

S LABORATORY

AIR FORCE SYSTEMS COMMAND
BROOKS AIR FORCE BASETEXAS 76235



NOTICE

When US Government drawings, specifications, or other data are used
for any purpose other than a definitely related Government
procurement operation, the Government thereby incurs -no
responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished, or in any way supplied
the said drawing, specifications, or other data is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any
other person or corporation, or conveying any dghts or permission to
manufacture, use, or sell any patented invention that may in any way
be related thereto.

This final report was submitted by lying Training Division, Air Force
Hmnan Resources Laboratory, Williams Air Force Base, Arizona 85224,
under project 1123, with HQ Air Force Human Resources aboratory
(AFSC), Brooks Air Force Base, Texas 78235.

This report has been reviewed and cleared for open publication and/or
public release by the appropriate Office of Information (01) in
accordance with AFR 190-17 and DoDD 5230.9. There is no objection
to unlimited distribution of this report to the public at large, or by
DDC to the National Technical Information Service (NTIS).

This technical report has been reviewed and is approved.

J D. BOREN, Colonel, USAF
Flying Training Division

Approved for publication.

DAN D. FULGHAM, Colonel, USAF
Commander

, Im



SECURITY CLASIICATION OF THIS PAGE (When Vae Xntered)

R. A U ORING RG.nOWMUm
REPORT~~S DOCUMETATIO PAEORRANTLZ= ORM

R.PRORTNMIN ORAIIN NAME ANDSIO ADDRES IO PROGPRSI A LO L N UBROJC.T

II.~~~-mm C-TOLN OPP4CE NAOVANEARED

IIaN.E SPICTINI OWGRAIN

IC.~~~~B CONTRACTIO ORTEEN GRAN NUMBepr

9C. SPE ENTARG ORNZTIO EADADES O RGA LMETRJC TSt~~~~~~~~~~~~~~~~~~AE AF~TR79 proide 4 copseaw uoto edpn fteslau sdIiTud mda op
L r re Hn Rsure f.irt

lI:W RDS Aui a c ase ee ~.i eeeymdIett Afyo 85224 nbr j1;b2

14 ITRN AGENht uNeg AE lO RSS U nstdiets wise Cttrai t s I S ECU RIf CLrnAwSS (of thi noreof

sAbus.~ Usin daac obteaied rom both p unk sestntso ruero r. eutqmdtan

e1e7. a DS R TIO wTAEEN opute. src nee 1Bok i ifeetfo eot

thereof.9~(Oer

drPAG (l Dte L



Undiodfied
SECURITY CLASSIFICATION OF THIS PAOE(hm Da eft

Co C+ Simulator trained students required fewer drcr.It hornms k sia4- of b lIT and adkilevd ch d&e
scores qW~ to or better tha the control Vou;. No irnt or pvcd Ebmkoe weoe documated betwi
Pezomnusuce of the motion and nomotlo tuned group fr aw uisgos o=Mamie

This was a ist effort to incorte a ful nisien inuor into mano od jilot trug I mea
Seveul problem area were kdentife which must be solvd before fMl smooe an be adiened rame amu pobbir
Should be relvat to applcatin of othe ful nismon inmintoua in other trailin progaa In S&Mian
ASLJff defilencies were Idetifed.

umkmlb



II

SUMMARY

Probem
The primary objective of this exploratory study was to investigate the utility of the Advanced

Simulator for Undergraduate Pilot Training (ASUPT) as a full mission simulator in the basic phase of Air
Force undergraduate pilot training (UPT). Secondary objectives included identification of problem areas in
using a full mission simulator, equipment problem, and the effectiveness of simulator platform motion in
UPT.

Appmech
A sample of eight UPT subjects were given simulator training to a satisfactory level in all flight skill

areas of training induded in the basic phase of UPT; four were trained using simulator platform motion and
four without. Following this, the students completed training in T-37 aircraft. The average performance of
this .group was compared with the average performance of a sample of eight students trained using the
regular UPT syllabus. Estimates of training transfer and training effectiveness ratios were computed. In
addition, problems occurring during the conduct of the study were documented.

Results

Training transfer estimates for all major training areas were as follows: Advanced Contact, 4%;
Formation, 13%; Navigation, 13%; Instruments, 38%; Basic and Presolo, 45%; with an overall average of
23%. Training effectiveness ratios were computed for the same areas of training and were as follows,
respectively: 0.11, 1.00, 0.24, 0.52, 0.60, and 0.48 overall. No differences in performance were observed
between subjects trained using platform motion and those trained without the use motion. A comparison of
average aircraft check ride scores for instruments and contact flight revealed that the experimental group
performed significantly better on the contact check ride. A summary of student and instructor opinions
revealed a number of advantages and problems in the use of the simulator. A finding of particular
significance was that if a full mission simulator is to be incorporated into a training program, the syllabus
must be planned to provide maximum flexibility in both aircraft and academic scheduling.

Conclusions

A sophisticated T-37 flight simulator provides a potential for effectively reducing flying requirements
for major training areas in the T-37 UPT syllabus. While the sample sizes were too small for high confidence
conclusions, there was no evidence in this study that platform motion in the simulator provided an increase
in transfer of training. If a full mission simulator is to be successfully applied to a total training program,
scheduling flexibility for both equipment and ground school will be an essential requirement.
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I

FULL MISSION SIMULATION IN UNDERGRADUATE PILOI TRAINING:
AN EXPLORATORY STUDY

1. INTRODUCTION

The concept of procuring an Advanced Simulator for Undergraduate Pilot Training (ASUPT) was
initiated in 1967 as a task area within a Director of Defense Research and Engineering program entitled
Innovations in Training and Education (INNOVATE). The objective of the ASUPT task area was to design,
develop, and utilize a state-of-the-art advanced simulation system for investigating the role of simulation in
pilot training.

In December 1974, the ASUPT was accepted as installed at Williams AFB, AZ. At the time of its
acceptance, it represented the most sophisticated full mission simulator in existence. It consisted of two
high-fidelity T-37 cockpits mounted on individual synergistic six degree-of-freedom motion systems
surrounded by a visual system which displayed computer-image-generated scenes. A complete array of
advanced instructional feature capabilities was available, although not all of these features were fully
developed for immediate operational research application. (For a more detailed description of ASUPT, see
AFHRL-TR.74-43, pages 17-26.) The next several months were spent developing software to implement
the advanced training features and to debug the ASUPT when used as a training device.

Obviously, planning for the most efficient research utilization of a device possessing all the
capabilities of ASUPT was complex; there were many simulation research issues for which data were
urgently needed. For example, earlier studies conducted by Air Force Human Resources Laboratory, Flying
Training Division (AFHRL/FT) using a T-4G simulator (equipped with a two degree-of-freedom motion
system and a one window field of view visual system) indicated that 48% of the instrument training hours
and 10% of the basic contact hours used in the T-37 phase of uLT could be completed in a simulator
(Woodruff & Smith, 1974). A follow-on question was "How much additonal time could be saved using the
ASUPT configured to resemble the UPT Instrument Flight Simulator (IFS)?" Other issues involved the
effects of motion on training, the field of view required for various categories of maneuvers, interactions of
motion and visual systems, etc.; however, the uniqueness of the ASUPT which set it apart from any other
device in existence was its total UPT mission capability. Therefore, one of the earlier studies planned was
investigation of the use of the ASUPT in all phases of UPT T-37 training.

This report provides a description of the first effort in using a full mission simulator in a total trainink
role. The objectives of the effort were: (a) to identify syllabus development and scheduling problems, (b) to
identify features of the ASUPT which need improvement to permit effective training, (c) to provide an
opportunity for research personnel to employ all ASUPT capabilities and features in the training role, (d) to
provide an early test of the instrument training syllabus being developed for the IFS, (e) to provide a first
(but by no means final) baseline estimate of what training effectiveness could be achieved by a full mission
simulator in UPT, and (f) to obtain initial information on the effects of simulator motion on simulator
training effectiveness.

It. METHOD

Test Plan

As in the development of any test plan, consideration was given to many conventional study design
characteristics; however, in this study, two of those considered were of such significance as to require
explanation. First, the ASUfT possessed some capability for use in al phases of UPT of which most, unlike
instrument training, had never been addressed in any training program involving simulator scheduling.
Therefore, it was anticipated that despite pestudy planning efforts, a number of unforseen student/syllabus
flow problems would be encountered. Second, while a basic experimental paradigm which Included three
groups of subjects would have been desirable (the first trained using a special syllabus and the ASUPT, the
second trained using only the special syllabus, and a third trained using the conventional syllabus), such a
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design was impractical until more was known relative to the number, type, and significance of problenu
which would be encountered while using the ASUPT in a total mission training role. As a result of these and
other considerations, the study was planned to be exploratory, and the requirement for a control group
trained using the new syllabus without the ASUPT deleted. However, since Air Training Comunand (ATC)
was Implementing a new T-37 phase syllabus with the same class planned for this study, training data on a
sample of these students would be collected for comparative data.1

Eight students (the experimental group) were trained in all flying skills included in the basic phase of
UPT using the ASUPT. Half of thee students received training with the ASUPT motion system operational
and half with the motion system off. After simulator practice, all students proceeded to T-37 aircraft and
completed all basic pilot training requirements to phase standards as specified in the ATC July 1975
syllabus (ATC, 1975). Students were given the required ATC check rides,.administered by the 96th Flying
Training Squadron Check Section, as soon as judged ready by their instructor pilots (I) Academic training
was completed on the same schedule as the remainder of their assigned class.

Eight additional students were selected as a control group, and their progress through the regular UPT
program was monitored. No special treatment was specified.

Data collected for both groups induded the number of simulator and aircraft hours used in each
phase of training and check scores achieved on T-37 aircraft check rides. In addition, their performance was
followed through the T-38 phase of MiT to obtain some information concerning longer range effects of the
special treatment.

Two minor conditions of the motion/no-motion portion of this test need to be mentioned because of
their possible influence on the results. First, the ASUPT G-eat was not used in order to make condition;
comparable to a previous motion/no-motion investigation at this laboratory. Second, one exception was
made to the treatment of the nomotion group. Since aircraft buffet is a primary cue of impending stall in
the T-37 and, in the opinion of the Is, simulator training without these cues would be Ineffective, the use
of motion when teaching stalls was pennitted for all students.

Sylabus
The special syllabus of instruction developed for training the experimental students closely paralleled

the ATC July 1975 syllabus. It was arranged in blocks of training; each block contained a group of tasks
considered to be prerequisite to learning the tasks n the succeeding block. Simulator and aircraft training
wer interspersed to mininize delays between training in the simulator and demonstrating performance in
the aircraft. Students were progressed on a proficiency bsis; however, to meet scheduling onstrmints,
minimum and maximum numbers of sorties were specified for each block. Peformance standards requird
for advancement were learly defined. Check rids were given in the ASUFF before going to the T-37 for
the first time and after ASUPT instrument training to ensure that each student met the specified level of
performance in the simulator before using aircraft hours; extra ASUPT training was given to students who
failed 1to meet the specified stndars A thorough description of the syllabus development, structure, and
use Is contained in Weyer and Fuller, 1976.

Subjects
Experlmenul Group. Eight students were selected randomly from incoming UPT das 76-09 at

Williams Air Force Due, Arizona. Selection was linited to USAF students whose reortds indicated 0*4
had less than 50 hours prior flying training and who were not Air Force naviptor.'

't To ma tain clarity for the reminder of tie ap , the setadarde erm pdmmeal ad" ment" pese vii
be mel with the full undestanding that, in the strict epethmi senste, h roups Involved do not meet cdfltd
for such dedpations.

2It wa discovered later that one of the seced studna did have about 200 hour rnie exlavpuermm,
which woo not shown in the records when selection was made. Tis student turned out to be bete tha eve . not
exceptional in the subject goup.

.. * 6



Two students from the comrlnal sample were lost shortly after training in ASUPT began; one because
of withdrawd of a medical waiver and the other due to failurs on several academic tests and umsatisfactory
pogress in the simalator?

A third student included in the original sample experienced difficulty in his early ASUPT training and
required the nmiuimu time programmed. When later scheduling problems resulted in further delay, he was
moved back to dam 76-10. Thus, five students from doas 76-09 and three from 76-10 were in the
subject group which completed the experimental program.

Control Goup. Using the sa criteria as used with the experimental group, eight additional students
w selected from the regular training prolram to serve as a control group. It was the goal of the regular
tn program to maintain an average of 90 flying training hours, but some variation wa permitted,
making the use of a comparison sumple appropriate. Five students were chosen from class 76-09 and three
from 76-10 to provide a control group; this composition paidleled that of the experimental group.

iatrutor UPoots

Seven IWs from the 82d Flying Training Wing, William AFB, AZ, participated in this test program.
Each IP was assigned a single student, except for one, who was assigned two. lPstudent relationships were
the s-me as in the normal training program. The Ift were givn instruction and experience in the operation
of tho ASUPT instructor consoles and in flying ASUPT from the right seat in the cockpit. Since no prior
compahisns of the relative effectiveness of using either IP position had been made, the IPs were instructed
on the operation of each station and were permitted to use the position they felt would allow them to
Instruct most effectively.

-otdn AMvanment
Students progressed in both the simulator and the aircraft according to their demonstrated

profidiency. Proficiency advancement in the simulator was used in recognition of individual differences in
lerning rate and to promote efficient use of ASUPT. In the aircraft, however, its primary purpose was tc

pernit assessment of benefit derived from smulator training by noting differences in flying hours required
by experimental and control group students.

I? Ophin Quls AlrwllVleWN
A questionnainr about ASUFT capabilities was administered to the Is after they had observed

student performance in the aircraft (ie., after badc contact and presolo student training in ASUPT.)
At the end of the progam, the IF were also interviewed extensively concerning human engineering

dedgn of the ASUPT operator and instructor positions. Due to the volume of this material, it is not
Included in this report;lt will be pubMlided in a separate document.

. IL RESULTS AND DISCUOI

aler studies conducted by AFHRL/FT indicated that a more definitive means of measuring training
MNfesen. Is the use of triols to criterion (as opposed to training hours). The me of such a mesure

lmits oamion of nomrelent ovedad flying tinu (Le., proceeding to and from a practice area);
howevr, due to the exploratory nature of this study, it was decided that the conventional meaure of hours
wid be used thereby redufn IP training time required for both experimental and control group I9s and
inufmmulit monitoril thin required over the extended period of the study. Therefore, discussions
asoming urainn effectivenem results obtained in this study will be in term of simulator or aircraft

s sesw4ma wiA a pro a pemas wih ATC, h warn am the oft Prooam and umed to asu
- wih his dws; he was laut AlmInasd frow plot fvatstg.
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Table 1 provides a summary of ASU1'T and T4 trainer hours used by the experimental and control
groups, respectively. These hours are shown by category of training and reflect time spent in learning flying
shil objetves. Additional simulator hours (5.6) were used by eachm student in learning normal and
emergenicy procedures training; however, since these were eabling objectives, and the same for all students,
they were omitted from til totals in Table 1.

Table 1. Simulator Flying Bonn Used by Experimental Bad Control
Group Students by Segmsents of UPT, Totals and Avetages

1401- -1Tuilmlos Sogumat

Bob and Aiwassmi 14191" loatro. Farm&- Paisa
elam #dme Caulant PIsbing 10nt two "n Tta

76-09 Exp A 19.0 6.3 1.3 22.0 2D0 7.7 58.3
76-09 ExpBD 20.3 5.4 1.3 31.1 0 7.8 65.9
76-09 Bxp C 16.1 7.8 0 18.5 2.0 8.2 52.6
76-09 Excp D 19.1 6.7 0 23.0 2.0 7.S 58.3
76-09 Exp E 19.2 7.6 1.3 22.8 1.6 7.8 60.3
76-10 Exp F 19.3 5.6 1.0 22.2 0 7.8 55.9
76-10 Exp G 17.5 4.9 1.3 22.9 0 7.8 54.4
76-10 Exp H 23.7 5.5 1.3 30.2 2.0 7.5 70.2
Average 19.3 6.2 1.38 24.1 1.92 7.8 59.5c

76-09 cat 14 .4's 32 17.6
76-09 Cnt J 13.6 3.2 16.8
76-0 Cnt K 13.6 3.2 16.8
76-09 Cnt L 13.6 3.2 16.8
76-09 Ct M 14.4 3.2 17.6
76-10 Cut N 13.6 3.2 16.8
76-10 CntO0 13.6 3.2 16.8
76-10 cnitP. 13.6 3.2 16.8
Average 13.8 3.2 17.0

aA~tg based on only those students who flew simulator missions.
1bThe simulator used by the control group was the T-4.
CAwieqe total includes students who did not train in formation and night flying.

TIM four coluns in Table 1 which have no entries for the control group seton (ie., 1, 2, 3, and 5),
reflect lifT simulator training objectives that can be addressed only If a visual system is available.
Experience with the ASUFF indicated most training objectives in Basic and Presolo, and Advanced Contact
could be practiced; howevei, practice on Night Flying and Formation was different. For Night Flying,
Only One aiCraft ride is giveni, and it is basically for experience. It is not a check Item; therefore,
proficlnq in the simulator was not specifted, and the practice ride was given, only if time permitted. (It
was tde general consensus of the 1PN that the ASUFT night scene available at the time was Inadequate for
effective night transition training.)

-With respect to formation training in ASUPF, no students had been trained using the formation scene
prio to this study. After a few trials, It became apparent that ASUPT was extremely difficult for beginning
sudents, and it was decided that little training would be achieved. As a result, this training area was
deemPbiud and, in some cuses, omitted if mny scheduling problems occurred. (The validity of this;
desiias Is discussed furtr in the Results secion.)

a-~



Aircraft Flying Hours

Table 2 provides a summary of T-37 aircraft flying hours used by each student who partidipated in
this study; average and total times for both the experimental and control groups are included. The first
eleven vertical columns represent all segments of the flying training program; when summed across, the
total is the number of T-37 aircraft hours used by each individual. Not all of the times shown in these
columns were subject to reduction as a result of simulator training. For example, columns 2,4, and 5 were
ATC required sorties and were irreducble (one aircraft sortie ranged from 1.1 to 1.5 hours). Differences in
column 3 occurred as a result of IP recommendations wherein it was believed that only one area solo ride
was required, whether or not a simulator was used. Columns 7 and 9 reflect mandatory check tides which
required at least one sortie each per student; hours in addition to one sortie in each of these columns
indicate that, for some reason, some number of rechecks was necessary. The remainder of the colums
(e.g., 1, 6, 8, 10, and 11) show aircraft hours used in areas of training where simulator effectiveness was
relevant, and where the computation of hours saved and training effectiveness ratios (TER) as included at
bottom of Table 2, were appropriate.

As noted earlier, to meet operational scheduling constraints, the study syllabus induded an estimated
maximum schedule of 75.3 hours per student as compared to the 90 hours required in the regular syllabus.
This estimate was based on the judgement of instructor pilots and scientists who were experienced in the
use of simulators in pilot training. Table 2 shows that two students exceeded 75.3 hours. These two
experimental students used close to the maximum scheduled syllabus hours in early phases of training, and
then both failed their instrument checkL The experimental syllabus provided that a student who failed a
category check ride was ". . .authorized additional hours to increase his flying time in that category up to
that specified in the ATC syllabus.. :' (Weyer & Fuller, 1976); additional flying time received under this
provision pushed their totals beyond the 75.3 estimate.

Figures, presented in the % Saved row, were computed using the average hours for each group and
indicate the percent of hours required in the regular syllabus which were not required by the experimental
group. As noted earlier, these savings cannot necessarily be attributed to ASUPT; they could have resulted
from the revised syllabus; however, since the study syllabus closely paralleled that used in the regular
course, it is believed that most of the differences did result from use of the ASUPT.

While a reduction of 38% in instrument training time (Table 2, Column 8) over a new UPI syllabus
(which had already reduced the required aircraft training hours from 20. to 14.4) was respectable, it was
less .than anticipated ;" particularly c;niderng that ATC was interested in obtaining validation for the
decision that only check rides would be required in the aircraft when the IFS became available (ATC, 1975,
p. 45). The instrument training portion of the test syllabus was planned to partially validate this concept
and instructors were encouraged to hold aircraft instrument training flights to two sorties, if possible. (A
maximum of six aircraft sorties was programmed in the syllabus.) The IP% followed this guidance tempered
by their own judgement. The result was that four of the eight test subjects failed their first instrument
check; one of these failed his recheck. Reasons noted for the failures included: pentration using the wrong
very high frequency omnirange (VOR) station, failure to lower flaps on a ground controlled approach
(GCA), poor altitude control on a GCA, and faulty instrument croscheck on a GCA.

Several factors were suggested as contributing to the problem. First, the actual aircraft instrument
check used in the new syllabus was more difficult for all students; 24% of the regular class failed their first
check ride. Second, IPs were permitted to instruct from whatever ASUPT station they desired; usually the
external console. From the console, they could not adequately detect or correct basic weaknesses such as
student visual crosscheck procedures which required direct observation of student practices. Third, the EPA
spent considerable time at the console acting as GCA controllers. The GCA display and the repeater flight
instruments were widely separated; as a result, effective instruction time may have been reduced. Fourth,
students had received check rides in the simulator, and their average performance was not regarded as
outstanding; however, there was no official pan-fail status to this check. Finally, by the time the aircraft
instrument check was received, each student (and instructor) had spent at least SO hours in the ASUPT.
Since no official recognition was provided for these efforts (i.e., accredited flying time), and because
simulator check ride success was not an official criterion for getting through the program, it is believed a
lack of motivation existed. In summary, the conduct of this exploratory study identified several problem
ares which should be resolved prior to the conduct of subsequent studies and before simulator& such as the

9
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IFS can be expected to be used with maximum efficiency. Many of these can be corrected through syllabus
revisions and increased control of the learning situation. In fact, since the study was exploratory, some
treatment changes were Instituted with the two students from dais 76-10 (Table 2, F and G) and proved
successf. These Included: IP located in the cockpit, extra people to serve as GCA controllers, and
demphamls on aving hours. These subjects passed simulator checks with better ratings, and each passed his
f/tst aircraft check ride.

Student performance in other areas of ASUPT training (all contact flying) shows various results. For
example, results achieved in Basic and Presolo (Column 1) were about as anticipated and support the
philosophy that simulators can be used very effectively in early stages of flying skill development.

The results obtained in Advanced Contact (Column 6) were disappointing; however, this showing Is
partially a reflection .of the instrument check failure discussed earlier. Most of the Advanced Contact work
occurred after the instrument check rides and, since the check ride failures resulted in an unanticipated
requirement for additional aircraft sorties (for review and recheck), it was necessary to use aircraft
scheduled for contact training to satisfy the instrument training requirements. Normal ATC operations
required aircraft to be scheduled two weeks in advance; therefore, student contact training had to be
delayed necessitating additional refresher flights Subjectively, the IPs believed that the ASUFf was
effective for Advanced Contact training, even though for the reasons stated above, the data reflect less
dramatic confirmation.

The Formation training results (Column 10) require comment. Prior to this study, the ASUPT
formation mode had been used only by experienced pilots, and most had noted difficulty in judging closure
rates and in holding a steady fingertip formation position. During the training of students in this mode,
additional problems were evidenced. When the computer image generation system became overloaded, it
selectively dropped out parts of the lead aircraft. This was most disconcerting to the student who was
trying to hold position and to learn to use key reference points which frequently disappeared. Similarly,
discontinuities occurred when the lead aircraft passed from one window to the next as it did frequently
during the early training periods. As a result of these problems, both Is and students lost confidence in
what training could be accomplished, and it was agreed that instead of training to criterion performance,
each student would be given only two rides In the ASUPT. Further, since the priority was low, if scheduling
problems occurred, formation sorties were the first to be cancelled. By reference to Table 1, it may be seen
that three students received no formation training in ASUPT. Thus, the 13% figure shown in Table 2,
Colunu 10 was derived based on only five experimental subjects.

While hours saved is interesting. a more significant measure of simulator usefulness with respect to
cost savings is the training effectiveness ratio (TER). Such a ratio (Roscoe, 1971) provides an estimate of
trapfer efficiency as indicated by the ratio of practice hours saved to practice hours spent in a prior device;
the higher the positive number, the greater the transfer efficiency. For this study, the computation was as
follows:

Aircraft Hours, Control Group - Aircraft Hours, Experimental Group TER

Simulator Hours, Experimental Group - Simulator Hours, Control Group

TERs for all relevant areas of training are provided at the bottom of Table 2 and, in most cases, the
TERs tend to track % Saved estimates.4  However, the more interesting figure is the ratio of 1.00
obtained for Formation. This ratio indicates that on the average, each hour spent in the ASUPr on this
training task resulted in a one hour savings in the aircraft. Thus, it appears that the decision to de-emphasize
formation training in the ASUPT may have been incorrect even though all persons concerned were in
areement, and their rationale possessed face validity.

4Te deoadneaon for instmment and navigation ThRs were derived by subtract ig imulator bstrument training
accomplidd by the control poup (Table 1) from that of the expa*nentl poup based on the 8mumption that for that
ntel of ik tnng, dhe devices wee approimately equivalent.
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(assh Die Boom
Average inshruinst and contact chock ride scores achieved by both experimental anl control group

were compered to obtain some estimate of the quality of graduated students (scon of possing check rides
won usd) For instrumesnts, thie experimental group averaged 89.73% and the control group 89.82%; not
significantly different

On contact check tides, the experimental go"t~ wacived an average score of 90.85%; the average
acor achieved by conventionally trained students wa 87.35%. This difference is statistically
sigificant (p<01) and indicates the experinentally trained students were better prepared for the contact
check than were the regular students.

As noted earller, the performances of both groups of students were followed into the T-38 phase of
Ufl. In the T-38 phase, the'experinuntal students of clas 76-09 received an average grade of 91.77%
while the regularly trained 76-09 students received an average of 86.88%; also statistically significant
(p<.01). These data suggest that whatever additional contact dlying s*il were learned wing the ASUPI' in
t~p T-37 phase were retained throughout U13T.

MotIen/No-Motiw
Table 3 shows the ratio by training categry (except solo, check rides, and nlWr dying) of simulator

and flying hours used by the four students who trained in ASUPT with the motion turned on compared
with the hours used by the four students who trained in the ASUPT with the motion sWotem turned off.
The ratio& were obtained by dividing the hours uwed by the motion group by the hours used by the
no-motion group. Remembering that all subjects were progressed on a proficiency basis, the ratios show
that both groups required very nearly equal hours of training in the simulator; ie., no practical or
signficanit differences in average simulator training time requirements were identified that could be
attributed to the motion condition. The ratios further show no practical or significant differences in average
aircraft training time requirements.

Table3. Ratios ofAveasgellowt
Required to Conylete Training by Motion

anwl No.Motion Group by Traning
Segment and lievice

Ta abaSemest Simuttw Alvraft

Basic and Freolo 0.93 1.02
Advanced Conta 1.11 0.95Instruments 0.61.02
NavIgation 1.01 0.97
Total 0.98 1.011 ~Ratio computed by dividing the average number of
trdnng hours required by students trained ung simulator
motion by the comparable hours used by students trained

without uimulator motio.

The result of ASUPT training with and without motion suggst tha there Is litt l sgnficant
difference in training value between these conditions anywhere In the T-37 syllabus. No~snotlon students
won gIve training in stall with motion and, had they not been, the flying hours they saved in basic
contact might have been less; however, there was no confounding in any other of the sybai categories,
and yet the motionlno-motlon ratios for all categories including basic Contact were nearly the sum, and
very dlos to 1.00.
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1P Judgements u to ASUPT Capeblities

A questionnaire was administered to the IPs (Instructing in the ASUPT) after they had the
opportunity to observe the performance of the ASUPT-trained students during one or more T-37 aircraft
softies. The objective of this questionnaire was to obtain IP attitudes toward the ASUPT and &et opdnioin
of ASUPr capabilities.

Generally, the ips liked the ASUP1; they rated it much better than the T-4 as an instructional device,
and from an instructional environment viewpoint, slightly better than the aircraft. 1hey liked the flexibility
allowed by some of the advanced instructional provisions, and the ability to select weather and visibility
conditions. Various negative factors were identified; but the principal one was simply that Ws like to fly
aircraft.

More specifically, the IPs judged the ASUff excellent for training procedures of all sos becam its
flexible reset capability allowed convenient and rapid repetition of training events. Another strong feature
of ASUPT was that its visual display enabled effective teaching of composite references.

The questionnaire also revealed a number of judged dortomings in ASUPT: $

1. The visual environment was inadequate for the students to learn wea orientation, dthough they
could learn to locate apedflc vhua references.

2. Radio transnVuslons were unrealistic because of the lack of background dyatter. Students did not
have to leam to sort their call signs out of the noise.

3. The absence of other traffic in the visual environment was unrealistic and reduced the cavbMty
to teach cleang technique

4. During the final turn, Mvement of the runwiy imge from one cathode my tube (CRT) to
another was not smooth; it jumped somewhat, thereby necessitatfng unexpected control awfitmmts whid
are not characteristic of real-ife requimments.

5. There ww insuffident ground detail in the visual -onvironment during the fihe approach and flare
for landing to allow students to adequately fudge ground pminmty. The IP recommended that ground
texturat- cues be added n" a rectangle eltending three-quarters of a mile back from the runway threshold
and extending 500 feet on both sides of the centedine. (Both two- and three.dimesional cues should be
investigated.) They also recommended that cues such as tie marks be added to the runwiy.

IV. FINDINGS

This study was exploratory in nature in which six objectives were addressed using a full mission

simulator in the T-37 phase of UlT. Following is a summary of findings relative to each objective:

Objective I - Identification of syllabus development and scheduling problems. First, the conduct of
. the flying phase of this study in which students were progressed on a proficiency basis was hampered by

inflexible academic prerequisites. As a result, some extra aircraft time was required for refresher training.
Second, failures on instrument check rides and subsequent short-notice requirements for additional aircraft
sorties proved incompatible with existing UPT aircraft scheduling techniques which required aircraft sorties
to be scheduled two weeks in advance. Third, batched simulator time for areas of training in which students
were progressed on a proficiency bads conflicted with the long lead time required to obtain aircraft sori
for flight skill validation. While differences In student learning rates caused most of thes problems,
differences were compounded by ASUPT unrellability. Although an 89% reliability figure for the study was
recorded, occasional ASUPI component failures and less frequent total system failures caused incresed
simulator requirements whid added to the scheduling problem. The usual array of rmutlne problem (Le.,,iweather, aircraft aborts, academic failures, illness) which occur in any pilot mningM progrm was

experienced, but those discussed above were unique to use of a full mision simulator and impeted the

It should be noted that many of thee items have been supported by other studle condueod laws, aid dma whm
possible, ASUPT development efforts to correct the problem are in proem
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results; in all case, simulator effectiveness estimates were lowered. Theme data highlight a charactedstic of
any study involving the use of full mission training devices in an operational training program; if innovative
training stratem a to be used which permit moat efficient use of a full mission simulator, flexibility must
be incorporated bato the total program, including academic training and aircraft scheduling.

Obetilve 2 - Mentfleadon of ASUPT charicteristics which need further developnmt. Potential
areas for impvrof ASUFr capabilities were: formation flying, night flying, landing approaches and flares,
simplification of console operation, addition of random aircraft in the visual scene for training dertneu,
addition of more realistic random radio chatter, and, if possble, improved system reliability.

Objective 3 - Provide experience in Wing towl ASUPT apabilities. Use of the ASUI in student
training indicated: students should wear personal equipment on missions just preceding aircraft sorties;
short simulator periods are more efficient in early training and longer periods towards the end; student
ten sorties could be useful; use of the simulator increased training efficiency in learning to ue composite
reference; some portion of slow flight practice should be accomplished at pattern altitude; to keep
motivation up over a total program, performance goals must be specified and go-no-go hurdles instituted;
most simulator sorties should be conducted with the IP in the cockpit; and a console operator should be
available to assist in GCA training.

Oblective 4 - Pretest of instrument sylaba for ie with the IFS In addition to several relevant items
listed above, student and IP comments indicated that to achieve doser relevance with the problems in
aircraft flights, an instrument hood (like that used in the aircraft) should be used for simulator rides which
occur just prior to aircraft instrument training sorties In addition, it was indicated that if the goal of a
check flight only in the aircraft is to be achieved, the aircraft instrument check should be delayed until later
in the syllabus; i.e., after navigation training. The averae simulator hours scheduled proved to be

* reasonably accurate. A final simulator check ride is necessary.

Objective 5 - Bseline Traking Effectiveness Data. Percentage estimates and training effectiveness
ratios by area of training are provided in Table 2; however, it must be reiterated that these data were
obtained in an exploratory study. If a follow-on study of this type is conducted which incorporates
corrective measures for the problem areas noted, considerably better results can be expected.

Objective 6 - The effects of motion on trdnng effectiveness. The sample size in this study was small;
therefore, inferences concerning the value of simulator motion cannot be made with a high level of
confidence. However, from the data obtained, there is no support that a synergistic six degree-of-freedom
motion system as installed on the ASUPT increased training effectiveness in any area of the basic T-37
phase of UPT. IP users did indicate a requirement for some amount of heave or departure motion cueing
when teaching stalls.

V. WCLWCUN

This study has clearly shown that a soplticated full mission flight simulator can be used to increase
training effectiveness in the context of Air Force UPT. In spite of the difficulties encountered and the
exploratory nature of the study, this test realized a reduction of o ie-quarter of the regularly scheduled

flying training hours at a cost of only two simulator hours for each T-37 aircraft hour. The mote
spectacular demonstratiom of training effectiveness occurred in instrument and basic contact training; te

* I svings in instrument training has prMedent, but the savings in basic contact training indicates an
unexploited capabltity. A subjective as ts of the difficulties documented in this study indicates most
can be silnificantly reduced, if not eliminated entirely. This meseent, combined with the positive
opinions of ASUFr IW, sggests that from a training effectiveness viewpoint, a full mission simulator could
be devloped which would achieve significant benefits in all major training areas in UPT; the degree to
which such a system would be cost effective cannot be estimated from this study.

* 51 '1elvab g dkup Usted under'objecthes 3 nd 4 wee incorporated and vlibdated in a subsequent
APHRLIPT/AC test of the proposed IFS syfabus.

14



Air TidmftCaonud. 41'Mua of ud NO. P4A.A 3* 1975.

SON, W.V., A %04, J A Adiwmm &Nlinm-ih m ohm w I, -OW tiwiutg(ASUWfclty Wafon
PILum MAFIR74.43, AD-786 411. Whim AMI AZ: F1lq T.f Diiio., Ai Form. lHm
Rescs Laboutoizy, Juw 1974.

3...., 3M. kcrmnta trausfer .fibcdumu**W (RI~iv.Ist Rwa 1971,1(3), 561-567.

Wqw, D.3. A Fdur, J.. SyMw waadmjuw I ~~ VAINFfr my Wih d A* d~ *h~
APHRL.TR-76-90. Wil. AFB, AL: FlykS ?ulds Dliii.,Air Fm..e Hum.. Uusu
Laboratory, Decmemiw 1976.

Woimff, RAR, & Sauldi, i.F. TAG *,ud. ad T4 pummd fduiVAk--i Vhol -- A.4 mdp-
Obt trawihv. APHRL.TR-74-78, AD-AMO 197. W~b AMI, AZ: Pqyft Tubft Diii.., Mr
Force Hum=n Rnosous Laboutoay, November 1974.

*U.S GOVERNMENT PRINTING OFFICE: 1W7-V"t4W4

is


